Infraclavicular subclavian venous catheterization is a widespread clinical procedure for monitoring haemodynamics, drug administration, and rapid fluid resuscitation. However, this approach has been associated with serious mechanical complications, such as pneumothorax, haemothorax, and arterial puncture. 1 These major complications result in failures to place central venous catheters and significantly may increase morbidity and mortality. Previous studies have suggested various positions of the shoulder to facilitate successful puncture of the subclavian vein without causing any adverse events. However, there is a still controversy as to whether the shoulders should be in the neutral or in the retracted position.
The classical position reported in the literature is the 'retracted' shoulder position, where a rolled towel which is placed longitudinally along the vertebral column between the scapulae, allowing the scapulae and shoulder joints to fall backwards under the influence of gravity. 2 3 In dissected cadavers, the retracted shoulder position has been shown to promote cannulation of the subclavian vein by moving the humeral head away from the path of needle insertion and the subclavian vein towards the undersurface of the clavicle. 4 However, evidence in the clinical situation is that the retracted shoulder position can make subclavian vein cannulation difficult by decreasing the diameter of the subclavian vein. 5 -7 There have been no randomized, controlled clinical studies investigating the influence of the retracted shoulder position on the success of subclavian venous catheterization. We hypothesized that the neutral shoulder position would not be inferior to the retracted shoulder position with regard to the success rate of subclavian venous catheterization. The purpose of this study was to compare the success rate of subclavian venous catheterization between the neutral and retracted shoulder positions.
Methods
This prospective study was approved by the Institutional Review Board of Seoul National University Hospital (Ref: H-1103-124-357) and registered at ClinicalTrials.gov (NCT01368692). Written informed consent was obtained from each patient. Between May 2011 and May 2012, we enrolled 362 patients aged 16-82 yr who were undergoing neurosurgery or oesophageal surgery requiring subclavian venous catheterization. Patients with infection over the puncture site, history of thoracic surgery or clavicular fracture, anatomical abnormality of the subclavian vein, or diaphragmatic dysfunction were excluded. Patients were randomized into two groups using a computer-generated random number table: those who underwent right subclavian venous catheterizations in the neutral position (neutral group, n¼181) and in the retracted position (retracted group, n¼181).
After induction of general anaesthesia and tracheal intubation, patients were placed in the supine position with their head in the neutral position on a 5 cm high headrest. The assigned shoulder positions were placed according to the randomization as follows and maintained throughout subclavian venous catheterization until the guidewire was removed after threading the catheter: † Retracted group: a 1 litre saline bag was placed longitudinally beneath the vertebral column between the scapulas to make both shoulders retracted passively towards the operating table while the head was elevated 4 cm further on a 9 cm high headrest. † Neutral group: the shoulders were kept in the neutral position with the head on a 5 cm high headrest.
Right subclavian venous catheterization through the infraclavicular approach was performed by the two experienced anaesthetists who had performed 50 or more infraclavicular subclavian venous catheterization procedures. 2 
A modified
Seldinger technique 8 with a 20 cm long double-lumen central venous catheter (Arrow International Inc., Reading, PA, USA) was used. After sterile preparation, the skin was punctured 1 cm lateral to the midclavicular line below the clavicle. The catheterization needle with the bevel up was directed towards the suprasternal notch and advanced until the needle came into contact with the clavicle. Then, the needle was withdrawn slightly and readvanced beneath the clavicle towards the sternal notch with gentle suction applied to the syringe. When a flush of venous blood into the syringe was not achieved, the needle was withdrawn to the subcutaneous tissue with a continuous negative pressure within the syringe. If venous puncture failed on the first attempt, the needle was angled towards a more cephalad point than the suprasternal notch and advanced in the same manner as the first attempt. When the second attempt was unsuccessful, a third attempt was tried in the cephalad or caudad direction at the discretion of the anaesthetist. After three failed attempts, no more attempts were permitted to the first anaesthetist and the second experienced anaesthetist made another up to three attempts at the same puncture site. The number of attempts was recorded.
When venous puncture was confirmed, a guidewire was passed into the vein and the needle was removed while the guidewire was left in place. The central venous catheter was advanced over the guidewire after dilation of subcutaneous tissue with a dilator. Intravascular placement of the catheter was confirmed by the aspiration of blood through the catheter lumen. The direction of the needle was recorded as cephalad, caudad, or sternal notch. Resistance to needle insertion and interference between the humeral head and puncture syringe on the needle insertion path were evaluated subjectively by the anaesthetist on a four-level scale (none, mild, moderate, or severe).
Failure of subclavian venous catheterization was declared if the second anaesthetist was unable to insert the catheter into the vein even after three attempts. During the cannulating attempts, both arterial puncture and air aspiration into the syringe, which would be suggestive of pneumothorax, were recorded. When either one of these two complications occurred, it was also regarded as a failure. With failures, the attempt to place the central venous catheter into the right subclavian vein was abandoned and cannulation of the femoral or internal jugular vein was performed. In cases of arterial puncture, sufficient pressure was applied to control bleeding at least for 5 min.
Anteroposterior chest radiographs were obtained immediately after surgery in all patients in order to check for the location of the catheter tip and for potential complications, such as pneumothorax or haemothorax. Misplacement of the catheter tip was defined as being located in the ipsilateral jugular vein or contralateral subclavian vein.
Statistical analysis
The primary endpoint was successful subclavian venous catheterization after the attempts of two experienced anaesthetists without major complications including pneumothorax, haemothorax, or arterial puncture. Sample sizes were calculated with PASS software (version 11, NCSS, Kaysville, UT, USA). Our previous study showed that the success rate of subclavian venous catheterization was 96.2% when the shoulders were retracted. 9 To obtain 80% statistical power with a one-sided a equal to 0.05, with a non-inferiority margin of 5%, 181 patients were needed in each group to establish the non-inferiority of the neutral shoulder position compared with the retracted shoulder position. Data were presented as mean (SD) or number of patients (%). SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The x 2 test or Fisher's exact test was performed to compare the incidence of catheter tip misplacement, number of attempts, resistance of needle insertion, interference of puncture syringe with the humeral head, and the incidence of failures and complications. Non-inferiority analysis was performed to determine whether the neutral shoulder position would not be inferior to the retracted shoulder position with regard to the primary endpoint of successful catheterization. The 95% confidence intervals (CIs) for absolute difference in percentages between the neutral and retracted groups were calculated. Non-inferiority of the neutral group over the retracted group was accepted if the upper bound of the 95% CI lay below a prespecified non-inferiority margin of 5%. Variables with P-values of ,0.2 in univariate analyses were chosen for multivariable analysis. Multivariable logistic regression analysis was used to model failures as a function of variables derived from univariate analysis. Adjusted odds ratios (ORs) were formulated with 95% CI. A P-value of ,0.05 was considered statistically significant.
Results
A total of 362 patients were enrolled in this study; 181 (50%) patients were randomized to the retracted group and 181 (50%) patients to the neutral group (Fig. 1) . Patient characteristics were similar between the two groups (Table 1 ). There were no significant differences between the two groups in the resistance of needle insertion and interference of the humeral head ( Table 2 ). The central venous catheters were successfully inserted into the vein without the major complications at the initial attempt of the first or second anaesthetist in 277 of 347 patients (79.8%). Fifteen per cent of successful catheterizations were done at the second attempt and 5.1% were done at the third attempt without major complications. The number of patients who needed more than two attempts was not significantly different between two groups (5.7% in the retracted group and 4.6% in the neutral group, P¼0.81).
There were seven failures in the retracted group and eight failures in the neutral group (Table 3) . There was no significant difference in the incidence of complications such as pneumothorax, haemothorax, or arterial puncture ( Table 3 ). The success rates were 95.6% (173/181) in the neutral group and 96.1% (174/181) in the retracted group. A difference of 0.5% was within a prespecified non-inferiority margin of 5% with a P-value of 0.017 (two-sided 95% CI, Shoulder position for subclavian venous catheterization BJA 20.036 to 0.047; upper limit of the 95% CI, 0.040). In univariate analysis, the two following variables showed a P-value of ,0.2: age and the grade of shoulder interference by the humeral head. Multivariable logistic regression showed that only age was an independent risk factor for failure during subclavian venous catheterization (OR, 1.08, 95% CI, 1.03 -1.14; P¼0.003) ( Table 4) .
Discussion
This prospective, randomized study showed that the neutral shoulder position was not inferior to the retracted shoulder position with regard to the success rate of subclavian venous catheterization through an infraclavicular approach. The classic positioning of the shoulders for subclavian venous catheterization is the retracted shoulder position, which utilizes a rolled towel or saline bag placed longitudinally along the vertebral column between the scapulas. A previous study has suggested that the humeral head can be pulled towards the operating table passively by placing a rolled towel beneath the vertebral column and that this causes the humeral head to be removed from the path of needle insertion, thus facilitating needle insertion beneath the clavicle. 11 However, in our study, the interference of needle insertion path by the humeral head was evaluated and we found that the incidence of interference was similar between the retracted and neutral positions of the shoulder. Data supporting the retracted shoulder position's superiority or necessity for infraclavicular subclavian venous catheterization are lacking. Tan and colleagues 4 demonstrated, in a previous study using dissected cadavers, that the retraction of the shoulders increases the contact area between the vein and the undersurface of the clavicle which is advantageous for the identification of the vein. However, they did not perform subclavian venous catheterization to confirm this. Our study is the first randomized clinical trial to compare the retracted and neutral shoulder positions during subclavian venous catheterization. We found that the neutral shoulder position is as effective and as safe as the retracted shoulder position when patients are placed supine with their head in the neutral position. Although we compared the shoulder positions in anaesthetized patients, the neutral shoulder position could also be useful in an awake patient who may feel uncomfortable with a rolled towel beneath the vertebral column. Several radiological studies have suggested that the traditional retracted shoulder position actually makes subclavian venous cannulation more difficult by decreasing the crosssectional area of the subclavian vein. 5 6 Sagittal magnetic resonance imaging performed on human volunteers has demonstrated that retracting the shoulders causes significant anteroposterior compression of the subclavian vein between the clavicle and the first rib. 5 Fortune and Feustel 6 have shown, using ultrasonography, that arching the shoulders decreases the subclavian vein area when compared with the neutral shoulder position. Rodriguez and colleagues 7 investigated the ultrasound images of the right subclavian vein in various positions and found that placing a roll under the shoulders while in the supine and Trendelenberg positions decreases significantly the cross-sectional area of the subclavian vein by 13.2% and 19.7%, respectively. The cross-sectional area of the subclavian vein was observed as the smallest in the supine position with the head neutral and the shoulder retracted. These radiological observations of the subclavian vein area may explain why the retracted shoulder position and the neutral shoulder position have similar success rates of subclavian venous catheterization. In this study, when the retracted shoulder position was used, the success rates of subclavian venous catheterization were 96.1%, which is consistent with our previous results. 9 There are numerous studies reporting on the failure and complication rates of subclavian venous catheterization. 1 12-15 The complication rates of pneumothorax and arterial puncture range from 1.2% to 3.1% and 3.7% to 7.8%, respectively. Failures have been reported to occur in 2.5-12.1% of all patients. The higher frequencies of complications and failures in previous literature may be explained by the inexperience of physicians performing catheterization, the different definition of complications and failures, and various patient positions. Inexperienced physicians, who have performed ,50 catheterization procedures, cause twice as many complications as experienced physicians. 2 16 Even experienced physicians are likely to make complications if they make three or more attempts. 1 2 In our study, only the experienced anaesthetists conducted subclavian venous catheterization and three attempts were permitted to each anaesthetist. Therefore, we could exclude the confounding factor such as inexperience of the anaesthetist and prevent primitive trial-and-error sequence during the study. Furthermore, this may be the reason why the failure rates were extremely low in our data. Age was identified as an independent risk factor for failures of subclavian venous catheterization. Lefrant BMI of ,20 is associated with increased risk of failure. However, our study indicates that BMI, weight, and height do not affect the failure rates, which is consistent with the results of a previous study. 13 The patients in this and previous studies 13 were not extremely obese and may be different from those whom the anaesthetists frequently encounter in Western countries. Therefore, it is expected that the success rates would decrease in obese patients because of the obscure landmarks and long distance to reach the subclavian vein even with ultrasonography. Further study is warranted evaluating the success rates in the obese patients. Recent reports suggest that ultrasonography can be useful to increase the success rate of subclavian venous catheterization compared with the landmark-guided method. 19 20 However, the visualization of the needle using ultrasonography is very difficult because of the anatomical relationships between the subclavian vein and clavicle. 2 The supraclavicular approach is recommended to be an excellent method comparable with the infraclavicular approach for catheterization of the subclavian vein without ultrasonography. There are some limitations to our study. First, the anaesthetists were not blinded to the randomized groups. To minimize the possible bias caused by not performing double-blind, the same protocol for subclavian venous catheterization was applied strictly to both groups. Secondly, it is not clear why the neutral shoulder position was not superior to the retracted shoulder position despite radiological evidence. Further studies are warranted as to the level of retraction of the shoulders when the patients are lying on the rolled towel or 1 litre saline bag.
In conclusion, the results of our study indicate that the neutral shoulder position was similar to the retracted shoulder position in terms of successful subclavian venous catheterization using the infraclavicular approach when the head was in the neutral position. Placing a saline bag or a rolled towel, which is likely to be uncomfortable for awake patients, may not be a necessary manoeuvre. Therefore, we suggest that the patient be placed with their shoulders in the neutral position for subclavian venous catheterization.
Declaration of interest
None declared.
Funding
This work was supported by the Department of Anaesthesiology and Pain Medicine, Seoul National University Hospital, Republic of Korea.
